It is argued that, due to the existence of two vacua -perturbative and physical -in QCD, the mechanism for the crossover from hadronic to partonic phase is hard to construct. The challenge is: how to realize the transition between the two vacua during the gradual crossover of the two phases. A possible solution of this problem is proposed and a mechanism for crossover, consistent with the principle of QCD, is constructed. The essence of this mechanism is the appearance and growing up of a kind of grape-shape perturbative vacuum inside the physical one. A dynamical percolation model based on a simple dynamics for the delocalization of partons is constructed to exhibit this mechanism. The crossover from hadronic matter to sQGP as well as the transition from sQGP to wQGP in the increasing of temperature is successfully described by using this model with a temperature dependent parameter. The theory of strong interaction --quantum chromodynamics QCD has a complicated phase structure [1] . It has been shown by lattice gauge theory [2] that at low temperature and density there is a confined, chiral symmetry breaking phase with hadrons as basic elements, while at high temperature and density is the deconfined, symmetry restoration phase with partons (quarks and gluons) as basic degree of freedom. It is found that at zero baryon density and high enough temperature, the transition from hadronic to partonic matter is of a crossover type [3] .
It is argued that, due to the existence of two vacua -perturbative and physical -in QCD, the mechanism for the crossover from hadronic to partonic phase is hard to construct. The challenge is: how to realize the transition between the two vacua during the gradual crossover of the two phases. A possible solution of this problem is proposed and a mechanism for crossover, consistent with the principle of QCD, is constructed. The essence of this mechanism is the appearance and growing up of a kind of grape-shape perturbative vacuum inside the physical one. A dynamical percolation model based on a simple dynamics for the delocalization of partons is constructed to exhibit this mechanism. The crossover from hadronic matter to sQGP as well as the transition from sQGP to wQGP in the increasing of temperature is successfully described by using this model with a temperature dependent parameter. The theory of strong interaction --quantum chromodynamics QCD has a complicated phase structure [1] . It has been shown by lattice gauge theory [2] that at low temperature and density there is a confined, chiral symmetry breaking phase with hadrons as basic elements, while at high temperature and density is the deconfined, symmetry restoration phase with partons (quarks and gluons) as basic degree of freedom. It is found that at zero baryon density and high enough temperature, the transition from hadronic to partonic matter is of a crossover type [3] .
Crossover is a gradual change of the system from one phase to the other without a definite transition point. The crossover between hadronic and partonic phases at high temperature has been firmly settled by lattice-QCD from thermodynamic argument, but really what happens in crossover; how does the system crossover from one phase to the other, are still open questions.
In this respect, it is worthwhile to consider a similar problem in QED -the Mott transition in atomic gas, where a neutral atom gas is transformed to electromagnetic plasma through the ionization of atoms one by one. However, such a mechanism is inapplicable to QCD, because the crossover of a hadron matter to quark-gluon plasma through the decomposition of hadrons to quarks (anti-quarks) one by one contradicts color confinement. According to color confinement, isolated color object cannot exist in physical vacuum. The energy of an isolated color object in physical vacuum is infinite [4] .
Unfortunately, most of the current models on the market, which claimed crossover [5] [6], have not taken this color confinement property of QCD into proper account. In these models the initial parton system evolutes and hadronizes gradually. The hadronization condition is either that a parton ceases to interact with other partons [7] or that the total color interaction from a pair (or a three particle state) of quarks with the remaining * Electronic address: liuls@iopp.ccnu.edu.cn system vanishes [6] . In both cases the hadronization is carried out one by one. After a long time, the system in consideration is dominated by hadrons but there are still a few partons moving in the physical vacuum of hadronic matter [8] , violating the confinement property of QCD.
The difficulty of crossover in QCD lies in the fact that QCD has different vacua -perturbative and physicalwith partons and hadrons as basic element, respectively. How to realize the transition from one vacuum to the other during the gradual change -crossover -between partonic and hadronic phases is a big challenge [9] . In this letter we will discuss this problem and try to find a possible mechanism for the crossover in QCD compatible with the principle of color confinement.
For this purpose let us turn to another kind of modelthe geometrical bond percolation model [10] . This model has no dynamical prescription but is nevertheless enlightening in constructing a crossover model for QCD [11, 12] .
In the bond-percolation model, crossover is realized through the formation of clusters. In the lattice-version of the model, "a cluster is defined as a group of nearestneighboring occupied sites that are linked by occupied bonds. The cluster size is the number of sites in a cluster" [10] . In our case, the sites are distributed continuously in the space and will be in the following referred to as cells. The cluster-formation could be understood as: originally, isolated cells are color singlet hadrons, when they are connected by bonds to form clusters, color can flow among them through bonds, and only the cluster as a whole keeps to be color singlet.
Clusters could be of various sizes. The formation of an infinite cluster, which is defined in a finite system as a cluster extending from one boundary to the other, i.e. a cluster having, at least in one dimension, the system size, is taken as the appearance of a new constituent in the system. At that time there are still a lot of clusters of various-sizes, cf. Fig. 1(a) , i.e. the system as a whole has not yet turned to the new phase. So we consider the appearance of an infinite cluster as the starting point of the crossover of the system to a new phase. The crossover process is completed when all the cells in the system are connected to a unique cluster, cf. Fig. 1 
(b).
In this process no isolated color object will appear in physical vacuum, and thus no contradiction with QCD. Inspired by this achievement we propose our basic assumption as the following. The aggregation of hadrons could be of two forms: gas-like or molecular-like, cf. Fig. 2 [13] . In the first case all the hadrons in an aggregation are melted together, forming a big "bag" with quarks and gluons moving inside, which is usually referred to as QGP droplet. In the second case, the hadrons (or cells) in a cluster, like the atoms in a molecular, in spite of being no longer color singlets, still keep their individuality, i.e. still occupy separate space regions, connected with each other by bonds, forming a color singlet cluster.
The cells, i.e. the separated space regions occupied by the colored parton-groups, are essentially "holes" dug by the groups of colored parton in physical vacuum [4] . These holes can be viewed as potential wells if we add energy as an extra ordinate. Partons can tunnel through the potential barriers between neighboring wells all over the color-singlet cluster, which is referred to as delocalization [14] .
When the crossover process is completed, all the wells in the system are connected to a unique cluster, forming a grape shape perturbative vacuum [15] of the nuclear size in 3-D, cf. Fig.1(b) . Meanwhile, there are still isolated bubbles of physical vacuum in the system [12] , cf. the white regions in Fig.1(b) . The groups of colored parton are confined in the separate wells, or cells, inside the grape shape perturbative vacuum, being able to exchange color among themselves via quantum tunneling through the potential barriers.
It could be expected that, the physical-vacuum bubbles can not survive long in the environment of the grapeshape perturbative vacuum and will soon be transformed to perturbative too. The groups of colored parton can then move around in the whole system, resulting in a quark gluon matter possessing the property of perfect fluid, which is conventionally referred to as strongly coupled QGP, sQGP [16, 17] .
At still higher temperature the potential barriers between neighboring wells will drop to zero and all the wells disappear. In this case all the parton-groups will be disassembled to independent partons and the sQGP turned to weakly coupled QGP, wQGP.
Let us try to construct a simple model for realizing the above assumptions and arguments. Our aim is to answer the question: how to crossover in QCD. For simplicity, we take the initial system to be a nucleon gas.
The model Hamiltonian for the 6 quarks in two near-by cells is assumed to be [14] 
where T cm is the center-of-mass kinetic energy. V C ij is the color interaction, which will be chosen as a squareconfinement potential V C ij = −a c λ i · λ j r 2 ij when the quarks i, j belong to one and the same cell. When they belong to two nearby cells, the infinite potential in between will drop down, forming a potential barrier, and a parametrization V C ij = −a c λ i · λ j 1−e −µr 2 ij µ will be used, where µ is a model parameter. It turns out that as the increasing of µ the maximum distance S 0 for delocalization increases, cf. Fig. 3 below. Since at higher temperature the quarks will be more free to move, i.e. S 0 will be larger, we require µ to be an ascending function of T . From dimensional consideration we assume µ ∝ T 2 . In doing variational calculation the trial wave function of the two-cell system in adiabatic approximation is chosen to be an antisymmetric six-quark product state [14] 
where A is the anti-symmetrization operator, which permutes quarks between the two cells; [· · · ] 00 means that the spin, isospin and color of the two cells are coupled to a particular color singlet state with total spin and isospin equal zero. For the orbital motion, we have the left (right) single-quark orbital wave function φ L (r i
, where ± S 2 are the cell-centers, S is the distance between the two cells. b is a baryon-size parameter. Delocalized orbit is defined as It turns out that the model gives a reasonable amount of delocalization. When the two cells are close together, i.e. S is small, the delocalization is large ǫ=1, but when the two cells separate and S increases to a certain distance S 0 , the delocalization degree ǫ suddenly drops to zero. The dependence of S 0 on parameter µ is shown in Fig. 3 . S 0 provides us a distance within which the quarks have equal probability to be simultaneously in the two cells, i.e. within which bond is likely to be formed. We will use it to construct a bond-percolation model to realize the crossover in QCD. For simplicity, we will consider the system to be a 2 dimensional static one.
The initial configuration consists of 2×197 cells, which are small spheres (circles in 2-D) of hard-core radius r e = 0.1 fm distributed randomly in a big sphere (circle in 2-D) of radius R = 7 fm. A cell with center departing from the center of the big sphere (circle) farther than R − r e , is considered as a boundary cell.
The percolation procedure is as follows: 1) Randomly select a cell α as a mother cell.
2) Define the cells with |r −r α | ≤ S 0 as bond-candidate cells, randomly select 3 of them to form bonds connected to the mother cell α, and call the latter as daughters.
If the number of candidate-cells is less than 3, then the number of daughters is equal to the candidate number.
3) For every daughter of cell α randomly select 2 bond-candidate cells of it to form bonds, and call them granddaughters. Repeat the procedure until no bondcandidate cell can be found anymore.
4) Then choose another cell β from the left unbounded cells as another mother cell, and repeat the procedure starting from step 2.
5) Repeat step 4 until all the cells are exhausted.
In this way, every cell is assigned to a cluster. In each cluster, find the boundary cells if any, and calculate the distance between every two boundary cells. Denote the maximum distance by d. A cluster with d > √ 2R is taken as an infinite cluster. A configuration with all the cells assigned to clusters is called an event. Generate N events, and determine in each event whether there are infinite cluster(s). Suppose M is the number of events with infinite cluster(s), the probability for the appearance of event with infinitecluster(s) can be expressed as P ∞ = lim N →∞ M/N . The dependence of P ∞ on S 0 is plotted in Fig. 4 as full circles. We see that at a certain value S 0 = S c , P ∞ starts to increase from zero, and the system starts to crossover to a new phase. The corresponding value of µ is µ = µ c .
Let N s be the number of cells outside of an infinite cluster in an event. The meanN s versus S 0 is plotted in Fig. 4 as open triangles. The point whereN s = 0 marks the accomplishment of crossover and will be denoted by S 0 = S c ′ . The corresponding value of µ is µ c ′ , cf. the dashed lines in Fig. 4 and in the small pad of Fig. 3 .
The starting and ending points µ c and µ c ′ of crossover can be extracted from Fig's. 3, 4 . Assuming µ ∝ T 2 we get the corresponding temperatures:
It is interesting to see from Fig. 3 that as µ increases further from µ c ′ , at a certain point µ c ′′ , S 0 increases sharply to infinity. An infinite S 0 means that partons can flow from one well to the other no matter how far away they are. This means that at this point the potential barriers have dropped to zero, and there is no well in the vacuum anymore. Partons can move freely inside the whole system, and the sQGP turns to wQGP. Extracting the point µ c ′′ for this transition from the figure and assuming again µ ∝ T 2 , we get T c ′′ ≈ 1.98T c [18] . In this letter a possible mechanism for the crossover in QCD, compatible with the principle of color confinement, is proposed. The way for vacuum-change during the gradual crossover between the two phases is via the following steps.
1) As the increasing of temperature, partons in hadrons start to be delocalized, tunneling between neighboring hadrons, and change the latter to colored parton-groups located in potential wells.
2) The wells connected by tunnels form color singlet clusters, which grow up in the physical vacuum, and eventually become a big cluster of the system size. Inside this cluster is a grape-shape perturbative vacuum, while outside of it is physical vacuum bubbles, which will change to perturbative as the further increase of temperature, and the colored parton-groups in the wells can then move around, forming a fluid-like matter -sQGP.
3) The potential barriers will drop to zero at a higher temperature and all the wells disappear, the sQGP is then turned to wQGP.
Last but not least, a dynamical percolation model is constructed for the first time, which is superior to the purely geometrical percolation models. 1) Our model has dynamical foundation and the cells and bonds have definite physical meaning. 2) We use a maximum length S 0 for bond-formation, obtained from dynamical calculation, and construct 3 bonds randomly within this length. This is to substitute the bond-formation probability p put in the geometrical models by hand. 3) Our model has a temperature-dependent parameter µ and is able to deal with the crossover as well as the transition from sQGP to wQGP in the increasing of temperature, while the geometrical percolation models are able to treat only the effect of the increasing of density.
In the proposed scenario the crossover is accomplished within a temperature range from T c to T c ′ . It could be expected that at some energies lower than 200 GeV, the produced dense matter may be at a mediate stage of crossover, which in our scenario consists of an infinite cluster accompanied by a large number of other clusters, cf. Fig. 1(a) . To study the properties of such a structure of matter theoretically and experimentally is worthwhile, which will deepen our understanding on QCD phase diagram and critical dynamics.
